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57 ABSTRACT 
An absorption-type oxygen generating system is dis 
closed in which the nitrogen components of com 
pressed air passing through an absorption bed is ab 
sorbed, leaving a relatively pure oxygen effluent. Re 
generation of the bed is provided by depressurizing the 
bed and recirculating a portion of the oxygen effluent to 
release the nitrogen previously absorbed therein. A 
flow divider has two branches each providing fixed 
orifice therein. One branch delivers a fixed percentage 
of the effluent to a depressurized absorption bed for 
regeneration thereof. The other branch delivers the 
remaining effluent to a storage tank. A pressure regulat 
ing valve is provided in the second branch to maintain 
a constant pressure differential across the orifice of the 
second branch so that a constant percentage of the 
oxygen effluent is delivered to the storage tank regard 
less of the back pressure existing in such tank. A two 
stage, double-acting compressor powered by a hydrau 
lic actuator is operable to compress the oxygen from the 
storage tank for filling conventional high pressure oxy 
gen tanks. 

17 Claims, 7 Drawing Figures 
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4,698,075 

CONTROL SYSTEM FOR FLUD ABSORPTION 
SYSTEMS AND THE LIKE 

BACKGROUND OF THE INVENTION 5 

This invention relates generally to fluid absorption 
systems, and more particularly to a novel and improved 
flow divider for such systems which operates to main 
tain a substantially constant division of flow when 
working against a variable back pressure. 

PRIOR ART 

Fluid absorption systems for producing an enriched 
effluent are well known. For example, it is known to 
produce oxygen for medical and industrial purposes by 1 
passing air under pressure through Zeolite absorbing 
beds which remove the nitrogen component therefron, 
producing an enriched oxygen effluent. Examples of 
such systems are described in U.S. Pat. Nos. 4,194,891 
and 4,349,357, which are incorporated herein by refer-20 
C. 

In such systems, a plurality of absorption beds are 
provided which are interconnected by flow control 
systems so that each bed is operated through repeated 
cycles, including a pressurized absorption phase and a 25 
depressurized regeneration phase. During the pressur 
ized absorption phase, air under pressure is supplied to 
a given bed which absorbs the nitrogen component of 
the air passing therethrough so that an oxygen-enriched 
component or effluent is produced. 

In order to provide continued production, a portion 
of the effluent from one bed is recirculated through a 
depressurized bed to remove previously absorbed nitro 
gen therefrom and to regenerate such depressurized bed 
for a subsequent pressurized absorption phase. Such 
regeneration process does not require the recirculation 
of all of the effluent produced, and a portion of the 
effluent is removed as a system product. 

In such systems, the flow divider often includes a 
network of fixed flow restrictors or orifices which are 40 
sized to divide the flow of effluent from one bed to 
provide the required volume of effluent for regenera 
tion of another bed and to deliver the remaining effluent 
as a system product. 

In such systems, however, inefficiencies are encoun 
tered when the product is delivered to a product stor 
age container in which the pressure of the storage con 
tainer fluctuates. These inefficiencies result when the 
volume of the product delivered during each cycle of 
operation decreases as the pressure in the product stor- 50 
age container builds up, with the result that an excessive 
volume of effluent is recirculated back through the 
depressurized bed. Consequently, the system efficiency 
deteriorates as the back pressure in the storage con 
tainer builds up and excessive compressor power is 
required to produce a given amount of product. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a novel and 
improved control system is provided for fluid absorp 
tion systems in which the system efficiency is main 
tained substantially independently of the pressure of the 
product in the storage container. In the illustrated em 
bodiment, which is incorporated into a system for pro 
ducing oxygen, two series-connected flow restrictors or 65 
orifices interconnect the pressurized bed which is pro 
ducing oxygen effluent to the depressurized bed which 
is being regenerated. A third fixed flow restrictor is 
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connected through a back check valve and a pressure 
regulating valve between the pressurized bed and a 
product storage container. The pressure regulating 
valve maintains a substantially uniform back pressure 
on the third orifice independent of the back pressure in 
the storage chamber, so a constant amount of product is 
produced during each cycle. 

Because the pressure regulating valve in effect iso 
lates the back pressure in the storage chamber from the 
flow divider, the flow divider functions under constant 
conditions to deliver a uniform amount of product dur 
ing each cycle of operation, and system efficiency is 
maintained regardless of the pressure in the storage 
container. 

In accordance with this invention, a simple and reli 
able pressure regulator, in combination with appropri 
ately selected fixed resistors which are also reliable and 
inexpensive, automatically maintains high system effi 
ciency and reduces the power requirements of the sys 
tem for a given output of product. 
These and other aspects of this invention are illus 

trated in the accompanying drawings, and are more 
fully described in the following specification. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a two-bed absorption 
system for producing oxygen and incorporating a flow 
dividing system in accordance with this invention; 

FIG. 2a is a diagram illustrating the manner in which 
the production of product of an absorption system in 
accordance with the prior art deteriorates as the prod 
uct back pressure builds up; 
FIG.2b is a similar diagram illustrating the manner in 

which the output of a system incorporating this inven 
tion is maintained even when the pressure in the prod 
uct storage container builds up; 
FIG. 3 is a side elevation in section of a preferred 

back pressure regulating valve for use in a system in 
accordance with the present invention; 

FIG. 4 is a fragmentary cross section taken along line 
4-4 of FIG. 3; 
FIG. 5 is a curve illustrating the manner in which the 

effluent pressure surges during each cycle; and 
FIG. 6 is a schematic illustration of a pressure boost 

ing system for pressurizing the product for delivery to 
high pressure storage cylinders. 

DETAILED DESCRIPTION OF THE 
DRAWINGS 

FIG. 1 schematically illustrates an oxygen generator 
in accordance with the present invention. The genera 
tor system includes a first bed 10 and a second bed 11, 
which are similar in size and which are filled with a 
suitable Zeolite material known to those skilled in the 
art which operates when under pressure to absorb the 
nitrogen component of compressed air passing there 
through. Alternately, a single sieve bed system or one 
utilizing three or more beds could be used. For example, 
see U.S. Pat. Nos. 3,436,344; 3,176,444; 3,636,679; and 
3,797,201. 
Compressed air from a compressor 11 is supplied by 

a compressor (not illustrated) through a shut-off valve 
12, which is closed when the system is shut down and 
which is fully opened for normal operation of the sys 
tem. 

Absorption-type generators require clean, dry air, so 
the air first passes through a water trap and filter 13 and 
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subsequently through a coalescing filter 14. The two 
filters 13 and 14 are connected in series and a pressure 
differential gauge 16 is connected in parallel with the 
two filters to provide an indication of the condition of 
the filters. When the differential pressure across the 
filters increases, an indication is provided that the filters 
should be serviced. 
From the second filter 14 the compressed air is deliv 

ered to a pressure gauge and pressure regulator 17, 
which is manually set to the desired supply pressure for 
the system. Connected downstream from the pressure 
regulator 17 is a four-way solenoid operated valve 18 
and a relief valve 19. A first controlled port 21 of the 
four-way valve 18 is connected through a pressure line 
22 to one end of the first bed 10 and the other controlled 
port 23 is connected through a pressure line 24 to one 
end of the second absorption bed 11. First and second 
mufflers 26 and 27 are connected to the exhaust ports 28 
and 29, respectively, of the four-way control valve 18. 
The control valve 18 functions in one position to 

connect the lower end of the first bed 10 to the supply 
of compressed air and to simultaneously connect the 
lower end of the second bed 11 to the muffler 26. When 
the valve 18 is shifted to its other operated position, the 
connections are reversed and supply air under pressure 
is connected to the lower end of the second absorption 
bed 11 and the lower end of the first absorption bed 10 
is connected to its associated exhaust muffler 27. The 
operation of the four-way valve, which is controlled by 
a timer (not illustrated), therefore results in the com 
pression of one bed while the other is exhausted, and 
then the reverse condition, so that the beds are alter 
nately pressurized and exhausted. 
The upper ends of each of the absorption beds 10 and 

11 are connected through associated isolation valves 31 
and 32 to a flow divider system 33. The isolator valves 
are opened during normal operation of the system, and 
are closed when the system is shut down to ensure that 
moisture cannot enter into the beds and cause their 
deterioration. 
The flow divider system 33 includes a dual branch 

orifice system. A first branch is provided by a pair of 
similar restrictors or orifices 36 and 37, which are con 
nected in series with each other and are connected 
between the pressure lines 38 and 39. A pressure gauge 
41 is connected between the two orifices 36 and 37 and 
registers the pressure at such location. 
A second branch of the flow divider 33 includes a 

pair of check valves 42 and 43, which are intercon 
nected on their downstream side by a manifold pressure 
line 44. The check valve 42 is connected at its upstream 
side to the pressure line 39 and the upstream side of the 
check valve 43 is connected to the pressure line 38. 
A single fixed orifice 46 is connected to the pressure 

line 44 through a branch line 47 and, in the illustrated 
embodiment, is mounted on the inlet of a pressure regu 
lating valve 48 described in detail below. Downstream 
from the pressure regulating valve 48 is another check 
Valve 49. Downstream from the check valve 49 is an 
oxygen outlet 51 through which the oxygen produced 
by the system (hereinafter referred to as "product') 
flows to a storage container 52 through a schematically 
represented supply line 53. Here again, a pressure gauge 
54 is provided to indicate the discharge pressure of the 
oxygen produced by the system, and a pressure switch 
56 senses such discharge pressure. It should be noted 
that there are other flow dividers besides fixed restric 
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4. 
tors that are known in the art and could be utilized with 
this invention. 

Normally, the storage tank or container 52 is pro 
vided to allow the accumulation of a supply of oxygen 
under pressure which is subsequently used in any de 
sired manner. For example, if the oxygen generator is 
utilized in a welding shop or the like, the various tor 
ches and applicances are supplied from oxygen con 
tained within the storage container 52. Since such tor 
ches are normally used in an intermittent manner, the 
system can be sized so that the production rate of the 
system is insufficient to support the simultaneous use of 
all of the torches or other applicances being operated by 
the system, but is still sufficient to provide sufficient 
oxygen for such intermittent operation or usage. Conse 
quently, the storage tank pressure varies widely be 
tween relatively low pressures and full system output 
pressure. 

Reference should now be made to FIGS. 3 and 4, 
which illustrate the structural detail of the pressure 
regulating valve 48. The valve 48 provides a main body 
56 having a control chamber 57 closed at its upper end 
by a flexible diaphragm 58. The diaphragm 58 is 
clamped at its periphery against a shoulder 59 around 
the open end of the control chamber 57. A centrally 
located, tubular valve member 61 is threaded into the 
main body 56 and provides a central passage 62 in com 
munication with an outlet port 65 formed in the main 
body 56. An inlet port 63, also formed in the main body 
56, is in communication with the control chamber 57. 
The orifice 46 is provided in a fitting 64 threaded into 
the inlet port 63. 
A spring chamber 66 is provided on the side of the 

diaphragm 58 opposite the control chamber by a spring 
housing 67 mounted on the main body 56. In addition, 
the spring housing 67 serves to clamp the periphery of 
the diaphragm against the shoulder 59. Mounted within 
the spring chamber 66 is a compression spring which 
extends between an adjusting nut 69 and the diaphragm 
58. The adjusting nut 69 is in turn threaded onto an 
adjusting screw 71 and is provided with a noncircular 
periphery, as best illustrated in FIG. 4. The nut 69 is 
positioned within a mating opening 72 so that the nut is 
free to move axially along the opening but is restrained 
against rotation relative to the spring housing 67. 
The adjusting screw 71 is provided with a shoulder 

73 which engages a shoulder 74 on the spring housing 
67 to axially locate the adjustment screw while allowing 
rotation thereof. The upper end of the adjusting screw 
is press-fitted into an adjusting knob 76. Rotation of the 
knob 76 rotates the screw and, in turn, adjusts the nut 69 
for adjusting the operating pressure of the valve. 
For example, when it is desired to increase the force 

of the spring 68 on the diaphragm 58, the adjusting 
screw is rotated in a direction which causes the adjust 
ing nut to move down along the passage 72. Con 
versely, reduction of the spring force can be accom 
plished by rotating the adjusting screw in the opposite 
direction. A locking collar 75 is positioned against the 
lower end on the knob 76 and is raised to permit adjust 
ing rotation of the knob, and when lowered locks the 
knob against rotation. 
The pressure regulating valve 48 and its associated 

environment form a means for compensating the efflu 
ent, usually oxygen to produce substantially constant 
flow against a variable back pressure. It is anticipated 
that other structures could be used. 
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The system operates through repeated cycles as fol 
lows. Clean, dry air under pressure is alternately sup 
plied to the beds 10 and 11, one bed being pressurized 
while the other bed is depressurized and regenerated. 
The regulator 17 is adjusted to supply air at the desired 
system supply pressure, which may be, for example, 
about 65 psi. The control valve 18 is cycled back and 
forth by an electric timer (not illustrated). During the 
first half of the full cycle, the control valve is operated 
to the operative position, in which the supply of air 
from the regulator 17 is connected through the pressure 
line 22 to the first absorption bed 10. During this phase 
or one-half of the cycle, the second absorption bed is 
connected by the valve 18 to the exhaust muffler 26 
through the pressure line 24. 
The compressed air flowing up through the absorp 

tion bed 10 causes the Zeolite contained within the bed 
to absorb the nitrogen component of the air so that the 
oxygen component reaching the upper end of the first 
absorption bed has a purity of about 90%. As used 
herein, the component discharged from the pressurized 
absorption bed is generally referred to as an "effluent” 
since, within the broader aspects of this invention, the 
system can be used to separate other components of the 
compressed fluid passing through the absorption beds 
containing other types of absorption material. Further, 
the flow divider may in some instances be useful in 
other types of systems in which variable back pressure 
is encountered. The invention is not limited to the pro 
duction of oxygen per se. For example, oxygen may be 
absorbed in a similar system with the appropriate Zeo 
lite to produce an effluent of nitrogen. 
At the moment when the valve 18 shifts to supply the 

compressed air to the first bed 10, the pressure within 
the bed is substantially atmospheric pressure. There 
fore, as the compressed air is supplied to the lower end 
of the bed, the pressure within the bed increases and the 
pressure of the effluent flowing from the upper end of 
the bed through the pressure line 38 gradually increases. 
As the pressure of the first bed 10 increases, the pressure 
of the effluent correspondingly increases. The pressure 
previously existing within the second bed 11 decreases 
relatively abruptly, causing a pressure drop to occur 
between the pressure lines 38 and 39. 
As the differential in pressure between such lines 

increases, flow of effluent through the two restrictors 
36 and 37 increases as a function of the differential pres 
sure across the two restrictors. Similarly, such pressure 
differential causes the check valve 43 to open and the 
pressure in the manifold 44 increases with the pressure 
within the pressure line 38. During such phase of opera 
tion, the check valve 42 prevents reverse flow from the 
manifold 44 to the pressure line 39. 

Since the check valves require very low differential 
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pressure to operate, it can be assumed for purposes of 55 
discussion that the pressure within the manifold 44 is 
effectively equal to the pressure within the pressure line 
38. The pressure in the manifold 44, which is delivered 
to the pressure regulating valve 48 through the orifice 
46, builds up within the control chamber 57 of the pres 
sure regulating valve. When the pressure acting upon 
the diaphragm 58 is sufficiently high to overcome the 
force applied to the diaphragm by the spring 68, the 
diaphragm lifts off the valve member 61 and communi 
cation is provided through the check valve 49 to the 
storage chamber 52 and a portion of the effluent deliv 
ered from the first absorption bed 10 flows into the 
container 52. The remaining portion of the effluent 

60 
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6 
delivered from the first absorption bed 10 recirculates 
through the series-connected orifices 36 and 37 to the 
depressurized bed 11. This regenerates the depressur 
ized bed 11 by causing the Zeolite therein to release the 
nitrogen component of the air previously absorbed 
thereby. Therefore, the depressurized bed is automati 
cally prepared for the subsequent cycle of operation. 

In practice, it is possible to obtain satisfactory regen 
eration of the depressurized bed when about 70% of the 
effluent delivered from the pressurized bed is recircu 
lated through the depressurized bed. Therefore, the 
flow divider system 33 should function to recirculate 
about 70% of the effluent and to deliver about 30% of 
the effluent to the storage container as the product of 
the system. These percentages vary, however, with the 
size of the beds, time cycle of the pressurization, incom 
ing pressure, etc. 

During the second half of the total cycle of the opera 
tion, the timer shifts the control valve 18 to connect the 
compressed air supply to the second absorption bed 11 
through the pressure line 24 and simultaneously con 
nects the lower end of the first bed 10 to the associated 
muffler 27, causing depressurization of the first bed 10. 
During this phase of the total cycle, the nitrogen com 
ponent of the compressed air is absorbed in the second 
bed 11 and a relatively pure oxygen component or efflu 
ent is delivered to the flow divider 33 through the pres 
sure line 39. The build up of pressure in the pressure line 
39 occurs, while a corresponding decrease in pressure 
occurs in the pressure line 38 due to the decompression 
of the first absorption bed 10. This causes a reverse in 
the differential pressure across the flow divider and 
effluent commences to flow through the two orifices 36 
and 37 from the pressure line 39 to the pressure line 38 
and is, in turn, recirculated down through the first ab 
sorption bed to regenerate the bed while the second 
absorption bed is pressurized and producing the oxygen 
effluent. 
When the differential pressure across the flow divider 

reverse, the check valve 42 opens and the check valve 
43 closes, automatically connecting the manifold 44 to 
the supply of effluent being delivered from the second 
absorption bed 11. In operation, the main valve cycles 
back and forth, eausing alternate pressurization of the 
beds and regeneration of the beds so a substantially 
constant supply of effluent is produced for delivery to 
the storage container 52. 

In a typical prior art system which does not provide 
a pressure regulating valve 48, an increase in pressure in 
the storage container 52 creates back pressure on the 
orifice 46, and such back pressure results in a decrease 
in the differential pressure across the orifice 46. In such 
prior art systems, a condition represented by FIG. 2a 
occurs, and inefficiencies result. 

In such prior art systems, which do not employ a 
pressure regulating valve as disclosed and claimed 
herein, the orifice sizes must be selected so that the 
division of flow at low back pressures is sufficient for 
regenerating the depressurized bed. Consequently, at 
low back pressure, a volume of oxygen or effluent rep 
resented by the bar 81 is delivered to the storage con 
tainer during each cycle of operation. However, as the 
pressure in the storage chamber 52 builds up, a back 
pressure correspondingly builds up on the orifice 46, 
causing a differential pressure accross the orifice to 
decrease. Consequently, during each successive full 
cycle of the system, the volume of oxygen delivered to 
the storage container decreases, as represented by the 
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bars 81a, 81b, 81c, 81d, and 81e. Since the effluent vol 
ume delivered to the storage container decreases, an 
excessive amount of effluent is recirculated through the 
depressurized absorption bed. Consequently, system 
efficiency deteriorates drastically, and excessive 
amounts of compressor power are required for a given 
amount of produce produced. 

In accordance with the present invention, the ineffi 
ciencies existing in the prior art as diagrammatically 
illustrated in FIG. 2a are eliminated and a system is 
provided in which the desired flow division of effluent 
between product and recycling is maintained even 
when the back pressure on the system increases as the 
pressure within the storage container 52 builds up. This 
is diagrammatically illustrated in FIG.2b, wherein the 
bar 82 represents the volume of product, which in the 
illustrated embodiment is oxygen delivered during one 
complete cycle of operation of the system when the 
tank pressure is low. As illustrated therein, the bars 82a 
through 82e, which represent the volume of product 
produced during succeeding system cycles of operation, 
remain substantially the same size even when the back 
pressure of the system builds up as the pressure in the 
storage container builds up. The production rate is 
maintained independent of back pressure on the system 
because the flow divider system 33 functions to auto 
matically maintain a substantially constant division of 
the effluent independent of system back pressure. For 
example, if proper regeneration of the depressurized 
bed requires a recirculation of 70% of the effluent pro 
duced, such ratio is maintained in accordance with this 
invention independent of the back pressure on the sys 
tem resulting from pressure variations in the storage 
container 52. Consequently, the system operates with 
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peak efficiency at all times, and the product output of 35 
the system is consistently maintained. Therefore, the 
power requirements for producing the compressed air 
to operate the system is not adversely affected by varia 
tions in storage chamber back pressure. 
FIG. 5 represents a typical pressure curve of the 

effluent during one complete cycle of the system. At the 
beginning of a cycle, the pressure of the effluent pro 
duced by the first absorption bed 10 in the passage 38 is 
relatively low, as indicated at 86. As the first absorption 
bed 10 is pressurized, the pressure of the effluent in 
creases along a relatively gradual curve 87 to maximum 
pressure at about 88. When the main control valve 18 is 
shifted to reverse the connections between the two 
absorption beds 10 and 11, the pressure of the effluent 
drops rapidly as the first absorption bed 10 is depressur 
ized through the muffler 26, as indicated by the rela 
tively steep curve 89, until a new low pressure point at 
91 is reached. Therefore, the first curve of increasing 
pressure followed by the portion of the decreasing pres 
sure occurs during one-half of the total cycle. Subse 
quently, the pressure of the effluent in the pressure line 
39 increases as the second absorption bed 11 is pressur 
ized, as indicated by a curve 87a similar to the curve 87. 
At the end of the cycle when the valve is again shifted 
back to its original position, the second curve of de 
creasing pressure 89a exists, indicating the completion 
of one full cycle. Subsequently, repeated cycles are 
provided. 

Since the manifold 44 is maintained at substantially 
the same pressure as the pressure line 38 or 39, in which 
the effluent pressure is building up, the pressure within 
the manifold 44 delivered to the third orifice 46 follows 
the same curve as illustrated in FIG. 5. 
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Reference should now be made to FIG. 3. The spring 

68 of the pressure regulating valve maintains the valve 
closed by maintaining the diaphragm 58 against the 
valve member 62 when insufficient pressure exists 
within the control chamber 57 to overcome the force of 
the spring 68. 
As the pressure of the effluent within the control 

chamber 57 builds up, a pressure-induced force on the 
diaphragm increases until it equals the force of the 
spring 68. When this occurs, the diaphragm lifts off the 
end of the valve member 61 and a connection is pro 
vided between the orifice and the storage container. 
The action of the regulating valve, however, causes the 
diaphragm to maintain the control chamber at a pres 
sure determined by the force of the spring, so a pressure 
drop occurs between the control chamber and the out 
let 65 which is equal to the regulated pressure in the 
control chamber minus the back pressure in the storage 
chamber 52. 

Because the regulating valve 48 maintains a substan 
tially constant downstream pressure on the orifice 46, 
the orifice is effectively isolated from the back pressure 
within the storage tank and the differential pressure 
across the orifice 46 is equal to the difference in the 
pressure of the effluent within the supply line 47 and the 
regulated pressure. Therefore, the flow rate of product 
through the orifice 46 to the storage chamber is a func 
tion of the differential pressure between the effluent 
pressure and the regulated pressure. The volume of 
flow of product is a function of such differential pres 
sure and the time the regulator remains open. 

It is recognized that the back pressure in the outlet 
produces a force on the diaphragm which is a function 
of the back pressure times the small area of the passage 
62. As the back pressure builds up, this back pressure 
force causes the valve 48 to open at a slightly lower 
control chamber pressure. This difference, however, is 
small so it does not significantly affect the amount of 
flow through the orifice. In fact, it increases the flow 
through the orifice 46 slightly because the differential 
pressure across the orifice is increased and the flow 
continues for a slightly greater time. 

Referring to FIG. 5, the flow of product is a function 
of the area above the line 93-94 (which represents the 
control pressure of the valve 48) and below the effluent 
pressure curve. If an increased percentage of product is 
to be delivered, it is merely necessary to lower the 
regulating pressure of the valve 48 by decreasing the 
spring force, and if the percentage of product delivered 
to the storage chamber is to be increased, it is merely 
necessary to increase the spring force so as to raise the 
pressure within the control chamber 57 required to 
open the regulating valve. 
With this invention, a flow divider operates to main 

tain a substantially constant division between recircu 
lated effluent and product effluent regardless of the 
back pressure on the total system created by the pres 
sure within the storage chamber. In such system, how 
ever, it is necessary to utilize a larger orifice 46 than 
would otherwise be required in a system not employing 
a pressure regulating valve because product only flows 
through the orifice 46 when the effluent pressure ex 
ceeds the regulating pressure of the valve. 

In one specific embodiment of this invention, the two 
orifices 36 and 37, which are connected in series, have a 
diameter of 0.047 inch and the third orifice has a diame 
ter of about 0.042 inch. In such embodiment, the total 
time of the cycle is about 120 seconds, and optimum 
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performance is obtained when the pressure regulating 
valve 17 is set at 65 psi and the pressure regulating valve 
48 is set to open at about 52 psi. The sizes of the orifices 
and the setting of the regulating valve 48 will vary for 
different size beds, incoming pressure, etc. The entire 
system must always be balanced to provide enough 
product to cleanse the beds completely. Moreover, 
systems other than fixed surfaces can be used as flow 
dividers, such as variable flow valves, etc. 

Normally, the pressure switch 56 is connected to the 
control circuit of the system to terminate the operation 
of the valve 18 when a desired maximum pressure is 
reached within the storage chamber 52. When the use of 
the oxygen stored in the storage chamber 52 causes the 
pressure to drop, the pressure switch 56 automatically 
restarts the operation of the system so that a constant 
supply of oxygen is available for use. 

It should be understood that in the illustrated embodi 
ment, two orifices 36 and 37 are connected in series so 
that a pressure gauge 41 can be provided to monitor the 
operation of the system regardless of the direction of 
flow of recirculating effluent. However, such orifices 
which are connected in series can, if desired, be re 
placed by a single orifice sized to provide the same 
restrictive value as the two orifices 36 and 37. 
FIG. 6 illustrates a two-stage compressor system 

which may be utilized to receive product from the stor 
age container 52 and pressurize the oxygen for filling 
typical oxygen pressure tanks. Such compressor is pow 
ered by a hydraulical piston and cylinder actuator 101. 
The power for operating the cylinder 101 is provided 
by a pump and motor 102 which pressurizes hydraulic 
fluid contained in a reservoir 103 and delivers hydraulic 
fluid under pressure to a four-way, two-position valve 
104. The valve is cyclically operated to cause reciproca 
tion of the piston rod 106 of the actuator 101, which in 
turn-reciprocates a piston contained within a first stage 

- pump 107 and also reciprocates the piston within a 
r second stage pump 108. Oxygen from the storage cham 

ber 52 (illustrated in FIG. 1) is delivered to the first 
stage pump through a pressure line 109. Such pressure 
line connects with the two ends of the first stage pump 
through a pair of similar check valves 111. A second 
pair of first stage check valves 112 connects the two 
ends of the first stage pump to a manifold line 113 so 
that the first stage pump is double-acting and delivers 
oxygen at increased pressure to the second stage pump 
108. 
A pair of check valves 114 connect the manifold 113 

to the two ends of the second stage pump 108 for fur 
ther increasing pressure of the oxygen. Similar output 
check valves for the second stage 116 connect the two 
ends of the second stage pump to a high pressure mani 
fold 117. From the second stage manifold 117, the high 
pressure oxygen flows through the check valve 118 past 
a pressure switch 119 and a pressure gauge 121 to a filler 
manifold 122. 
Connected to the filler manifold 122 are a plurality of 

valved filler stations 123 each of which may connect to 
a typical cylinder to be filled with oxygen. An appropri 
ate cooling fan 124 is normally provided to cool the 
compressor to prevent overheating. Normally, a relief 
valve 126 is connected to the manifold 113 and is set at 
about 350 psi. The pressure switch 119 is normally set at 
about 2000 psi and operates to automatically control the 
operation of the pump so that an output pressure of 2000 
psi is maintained for filling the various cylinders. Here 
again, because the basic oxygen generator functions 
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10 
with high efficiency, a power efficient overall system is 
provided, in this instance for charging conventional 
oxygen cylinders. 
With a flow divider incorporating the present inven 

tion, a substantially constant ratio is maintained in the 
divided flow of effluent. In the illustrated embodiment, 
a simple pressure regulating valve accomplishes this 
continued accurate flow division, automatically com 
pensating for back pressure variations, and in coopera 
tion with the fixed orifices and check valves, provides a 
reliable, low-cost system for substantially increasing the 
output of a given absorption system. 
Although the preferred embodiment of this invention 

has been shown and described, it should be understood 
that various modifications and rearrangements of the 
parts may be resorted to without departing from the 
scope of the invention as disclosed and claimed herein. 
What is claimed is: 
1. A fluid absorption system comprising regenerative 

beds operable to cyclically produce effluent in pressure 
surges, and a flow divider operable to recirculate a 
substantially constant first percentage of said effluent 
for regenerating said beds and to deliver a substantially 
constant second percentage as product against a vari 
able back pressure, said flow divider including first and 
second branches having flow restrictors therein said 
first branch operating to deliver said first percentage of 
effluent for regeneration of said beds said second branch 
including an automatically compensating pressure regu 
lating valve operable to maintain a pressure differential 
across the flow restrictors in said second branch which 
is substantially independent of said back pressure so that 
said second percentage of product delivered remains 
substantially constant as said back pressure varies. 

2. A fluid absorption system as set forth in claim 1, 
wherein said flow restrictors are fixed restrictors and 
said pressure regulating valve is adjustable. 

3. A fluid absorption system as set forth in claim 2, 
wherein said flow restrictors are provided by fixed 
orifices. 

4. A fluid absorption system as set forth in claim 3, 
wherein said pressure regulating valve is downstream 
from said fixed orifices in said second branch, said pres 
sure regulating valve opening to allow flow of product 
only when the pressure of effluent passing through said 
fixed orifices in said second branch exceeds a predeter 
mined adjusted pressure. 

5. A fluid absorption system as set forth in claim 1, 
wherein said flow restrictors are fixed orifices, and said 
pressure regulating valve provides a spring-biased dia 
phragm operable to permit flow through said second 
branch only when the pressure of effluent therein ex 
ceeds a predetermined pressure and a compressor is 
operably attached to provide air to the regenerative 
beds and part of said spring-biased diaphragm is opera 
tively exposed to the back pressure so that the back 
pressure acts with the pressure of the effluent to open 
the pressure regulating valve and permit flow there 
through. 

6. A fluid absorption system as set forth in claim 1, 
wherein said flow restrictors in said first branch include 
two similar fixed orifices connected in series, and a 
pressure gauge is connected between said orifices, said 
pressure gauge indicating a pressure which is indepen 
dent of the direction of flow through said first branch. 

7. A fluid absorption system as set forth in claim 1, 
wherein said system is operable to produce oxygen 
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effluent and said back pressure is provided by oxygen 
product in a storage chamber supplied by said system. 

8. A fluid absorption system as set forth in claim 7, 
wherein compressor means are connected to said stor 
age chamber, said compressor means being operable to 
increase the pressure of said oxygen for filling oxygen 
tanks. 

9. A fluid absorption system as set forth in claim 8, 
wherein said compressor means is a two-stage double 
acting compressor powered by a double-acting hydrau 
lic actuator. 

10. A flow divider for fluid absorption systems in 
which the effluent is delivered with repeated pressure 
surges and for delivering a predetermined percentage of 
said effluent against a variable back pressure, compris 
ing a network having at least two branches with fixed 
orifices therein, one of said branches being operable to 
deliver a fixed percentage of said effluent against vari 
able back pressure, said one branch having automati 
cally compensating pressure regulating means maintain 
ing a pressure differential across said fixed orifice 
therein substantially independent of said back pressure 
so that said percentage of effluent flowing therethrough 
will remain substantially constant when said back pres 
sure changes. 

11. A flow divider as set forth in claim 10, wherein 
said pressure regulating means includes a spring-biased 
diaphragm valve connected downstream from said 
fixed orifices in said one branch, said pressure regulat 
ing means maintaining a downstream pressure on said 
fixed orifice in said one branch independent of said back 
pressure by the use of the combination of the back pres 
sure and effluent pressure acting against one side of the 
diaphragm, 

12. An effluent generating system having an absorp 
tion and regeneration phase in a cycle comprising at 
least one absorption regenerative bed operable to pro 
duce effluent, said bed adapted to receive a compressed 
mixture of fluids from a source of said mixture, the bed 
absorbing a substantial portion of at least one compo 
nent of said mixture during the absorption phase of the 
cycle of the system and producing an effluent having a 
second component of the mixture, a first part of the 
effluent being used for regeneration, a second part of 
the effluent operatively connected to exhaust to a vari 
able back pressure, and means for automatically com 
pensating the second part of the effluent to produce a 
substantially constant flow of the second component of 
the mixture against the variable back pressure including 
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12 
a pressure regulator operatively attached to receive 
both the back pressure and the pressure from the efflu 
ent. 

13. An effluent generating system comprising first 
and second absorption beds each operable during a first 
phase when compressed air flows therethrough to ab 
sorb at least one component thereof and deliver an 
effluent, each bed during the second phase operating to 
release said absorbed component when depressurized 
and supplied with said effluent, control means con 
nected to said beds operable through repeated cycles to 
alternately pressurize one bed with compressed air and 
decompress the other of said beds, a storage chamber 
for said effluent, and flow divider means connected to 
said beds and said storage chamber, said flow divider 
means including a first branch connected between said 
beds, and a second branch connected between said beds 
and said storage chamber, said first branch including 
first fixed orifice means through which effluent flows 
from the pressurized bed to the depressurized bed, said 
second branch including check valve means permitting 
flow therethrough only from said pressurized bed, said 
second branch also including second orifice means, and 
pressure regulating means automatically associated 
with one of said branches, said pressure regulating 
means maintaining a differential pressure across said 
orifice means of said one of said branches which com 
pensates for changes in pressure in said storage chamber 
so that a substantially constant percentage of effluent is 
automatically delivered to said storage chamber during 
each of said cycles. 

14. An effluent generating system as set forth in claim 
13, wherein said pressure regulating means maintains a 
differential pressure across said second orifice means 
which is substantially independent of the pressure in 
said storage chamber. 

15. An effluent generating system as set forth in claim 
14, wherein compressor means are connected to said 
storage chamber, said compressor means operating to 
increase the pressure of said effluent for delivery to high 
pressure tanks. 

16. An effluent generating system as set forth in claim 
i5, wherein said compressor means is a two-stage dou 
ble-acting pump powered by a hydraulic actuator. 

17. An effluent generating system as set forth in claim 
13, wherein said beds are operable to absorb the nitro 
gent component of compressed air and to deliver an 
oxygen effluent. 
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